Oestrogen administration has been shown to increase pituitary levels of prolactin-specific mRNA (mRNA,,,) in rats (Maurer & Gorski, 1977; Spona & Leibl, 1981) . The triphenylethylene anti-oestrogen, tamoxifen, was seen to inhibit this oestradiol-induced mRNA,,, biosynthesis in rat pituitary (Spona & Leibl, 1981) and is presumably doing so by an oestrogen-receptor-mediated mechanism (Lieberman rt ul., 1983) .
GH, cells are a clonal cell line derived from a rat pituitary tumour (Tashjian et al., 1968) which synthesize and secrete prolactin. It was of interest to see if these cells could serve as a model system in which the mechanism of tamoxifen action could be studied. In particular, we have investigated the ability of tamoxifen to reverse oestradiol-induced increases in cytoplasmic mRNA,,, levels in GH, cells.
GH, cells were maintained in Dulbecco's Minimal Essential Medium containing 15% horse serum and 2.5% foetal calf serum. For experimental use they were transferred into suspension culture in bacteriological petri dishes and maintained for 5 days in Dulbecco's Minimal Essential Medium with the same serum complement, but which had been resin-and charcoal-treated to remove hormones (Samuels et al., 1979 and Dobner et al., 1981) . Thereafter, individual dishes (containing 1 x lo7 cells) were treated with oestradiol (lo-' M), tamoxifen (10-'M), 4-hydroxytamoxifen ( 10 M) and thyrotropin-releasing hormone (TRH; 2.7 x 10 'M) or combinations of these agents, for 24 h. The cells were then harvested by centrifugation, washed once in phosphate buffer and saline and processed for specific RNA analysis.
RNA analysis was carried out by the cytoplasmic dothybridization method exactly as described by White et ul. (1982) . Cytoplasmic RNA was also analysed after fomaldehyde-denaturing agarose gel electrophoresis (Rave et ul., 1979) and Northern transfer (Thomas, 1980) to nitrocellulose filters. The nitrocellulose filters from both the 'cytoplasmic-dot' and Northern analysis were prehybridized (Wahl et ul., 1979) and subsequently hybridized (Wahl et ul., 1979) to nick-translated plasmids which contained cDNA sequences complementary to rat prolactin mRNA (pPrl I , Maurer et al., 1980) , rat growth hormone mRNA (pGH I , Dobneretal., 1981) and mousea-tubulinmRNA(MAT 1.1, from P. Dobner, Massachutsetts Institute of Technology; this cDNA shows 98% homology with the rat structural gene; Lemischka et ul., 1981) . After hybridization the filters Abbreviations used: mRNA,,,, prolactin-specific mRNA; mRNA,,, growth hormone-specific mRNA; mRNA,,,,,,,,, r-tubulin-specific mRNA; TRH, thyrotropin-releasing hormone; kb. kilobases.
were washed to high stringency and subjected to autoradiography. The nitrocellulose dots and bands (after Northern Analysis) were then cut out and counted in a liquid scintillation counter.
The specificity of the nick-translated rat-prolactin-specific mRNA probe, pPrl I , was tested by establishing that a signal, not greater than background, was obtained in the cytoplasmic dot-hybridization assay when cytoplasm from a non-pituitary cell line (C6, rat glioma) was tested under routine conditions; we further showed by Northern analysis. using pPrl 1 and pGH 1 as probes, that the expected differential response in GH, cell cytoplasmic mRNA,,, and mRNA,, levels to TRH (2.7 x 10 'M) and dexamethasone (10 'M) (e.g., see White r t d., 1981) was clearly evident.
Using cytoplasmic-dot hybridization analysis linear increases in mRNA,,, with cell number were seen in the presence and absence of hormonal stimulation. In a series of such analyses oestradiol was shown to induce a significant increase [mean 1.47 f 0.08 S . E . M . (n = 6) fold, P < 0.00251 in GH, cell cytoplasmic mRNA,,, levels, over control. Both tamoxifen ( P < 0.005) and 4-hydroxytamoxifen ( P < 0.05) reversed this effect. TRH induced a greater increase in mRNA,,, levels than did oestradiol [ I 3 3 f 0.12 (6) fold, P < O.OOS] and oestradiol further increased the mean cytoplasmic mRNA,,, levels induced by TRH but the difference was not significant. Tamoxifen, interestingly, also reversed the increases in mRNA,,, induced by TRH and TRH plus oestradiol to control levels. Tamoxifen alone marginally reduced mRNA,,, levels below control (to 0.85 0.063 fold decrease: cytoplasmic mRNA,,, levels from four separate GH, dishes were measured at three dilutions of cytoplasm).
These effects were also investigated in a series of four experiments where cytoplasmic RNA purified from untreated and hormone-treated GH, cells was analysed by the Northern technique: the pPrl 1 probe hybridized to a single 1.1 kb band in each case. Again, significant increases in mRNA,,, levels were induced by oestradiol and TRH; and tamoxifen and 4-hydroxytamoxifen was seen to reverse these increases to control levels. Oestradiol did not induce such changes in GH, cell cytoplasm mRNA,.,,,,,l,, and mRNA,, levels as judged by cytoplasmic-dot hybridization or Northern analysis.
Thus, oestradiol indeed specifically induces increases in mRNA,,, levels in GH, cells and these can be reversed by tamoxifen. 4-Hydroxytamoxifen is a metabolite of tamoxifen that binds to the oestrogen receptor with an affinity equal to that of estradiol (Borgna & Rochefort, 1980) : the fact that we find it reversing oestradiol-induced increases in GH, cell mRNA,,,, at an equimolar concentration to oestradiol, is strongly suggestive that these antioestrogens are acting in this system through the oestrogen receptor. 619th MEETING. CAMBRIDGE Our observations that tamoxifen reversed TRH-induced increases in cytoplasmic mRNA,, levels might suggest that TRH receptor numbers on GH, cell membranes may be oestrogen dependent. This is well established for rat pituitary TRH receptors (DeLean et al., 1977) . However, further studies are necessary to establish this fact.
Angiotensin I-converting enzyme (ACE; peptidyl dipeptidase A; EC 3.4.15.1) is a cell-surface peptidase whose classical physiological substrates are angiotensin I and bradykinin. With these peptides ACE functions as an exopeptidase releasing dipeptide fragments successively from the C-terminus (Soffer, 1976) . Recently, however, ACE has been shown to have an endopeptidase action on certain ('-terminally amidated peptides, e.g. substance P and luteinizing hormone-releasing hormone (Yokosawa et al., 1983; Skidgel et al., 1984; Skidgel & Erdos, 1985) . In the brain. ACE has been localized to a striato-nigral pathway which has led to speculation that the brain enzyme may metabolize substance P and related peptide neurotransmitters (Strittmatter et al., 1984) . Further support for this concept has come from the isolation of an isoenzyme of ACE from rat striatum, which differs from the peripheral enzyme in molecular size and in specificity for amidated substrates, in particular the tachykinin peptides, substance P and neurokinin A (substance K) (Thiele et al., 1985; Strittmatter et al., 1985) . Our studies have previously implicated endopeptidase-24.11 (EP-24.11; EC 3.4.24.1 I) in the metabolism of tachykinins (Matsas et al., 1983 (Matsas et al., , 1986 Hooper at al., 1985; Hooper & Turner, 1985) . In order to assess further the relative roles of ACE and EP-24.11 in the metabolism of neuropeptides in the brain we have now isolated and partially characterized ACE from pig striatum.
ACE was purified from pig striatum by affinity chromatography employing the selective inhibitor lisinopril as ligand. The procedure differed from that described by Bull at al. (1985) in that a 2.8nm spacer arm, rather than one of 1.4nm. separated the ligand from the matrix. ACE was affinity purified in a single step after solubilization from pig striatal membranes with Triton X-100. The enzyme was recovered with an overall yield of 13% and an enrichment of 53 500-fold. There were no detectable activities due to endopeptidase-24.11 or aminopeptidase in the final, purified product.
After SDS/polyacrylamide gel electrophoresis, two forms of pig striatal ACE were detectable with apparent M , values of I80000 and 170000. The larger form co-migrated with pig kidney ACE. Attempts to resolve these two forms furAbbreviations used: ACE, angiotensin-converting enzyme: EP-24. I I. endopeptidase-24. I I .
Vol. 14 ther have so far proved unsuccessful. Both forms of pig striatal ACE were recognized by a polyclonal antibody raised to affinity-purified pig kidney ACE as demonstrated by immunoelectrophoretic ('Western') blot analysis. The same antiserum immunoprecipitated striatal and kidney ACE activity in an identical fashion. No significant differences in inhibitor sensitivity between kidney and striatal ACE were detected.
The substrate specificities of pig striatal and kidney ACE were compared using a number of amidated and nonamidated peptides. Products were separated by reversephase h.p.1.c. and analysed by amino acid analysis or by the use of marker peptides. No differences in the sites of cleavage or the relative rates of hydrolysis were observed. In particular, neurokinin A was not hydrolysed at a significant rate by either striatal or kidney ACE. The metabolism of substance P by both striatal and kidney ACE was examined in more detail (Fig. 1) . A similar pattern of metabolism was seen in both cases, consistent with a primary cleavage at the PheX -Gly9 bond followed by successive dipeptide cleavages from the newly formed C-terminus. Cleavage of the Gly'-Leu'" bond was relatively minor. This pattern of hydrolysis of substance P is identical to that originally reported for ACE from rat brain and rabbit lung (Yokosawa et al., 1983; Cascieri et al., 1984) .
The possibility that the size differences seen with striatal ACE were due to differential post-translational glycosylation was investigated. Samples of kidney and striatal ACE were deglycosylated both chemically (Stewart et al., 1984) and enzymically using N-glycanase (glycopeptide N-glycosidase, EC 3.2.2.18) and then compared after major products; +--+, minor products.
